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Abstract
This study attempts to use value at risk method 
(VAR) as risk measurement criterion in formation of 
household asset portfolio. To do this, the data which 
are related to the assets price including: bank deposit, 
bonds, stock, exchange, coin, and housing that are 
used in time period of 1991 to 2011 and the value at 
risk of  portfolio is calculated in reliability level of 
90%, 95%, and 99% and in time periods of one year 
and 19 years. After calculating returns, return stan-
dard deviation, correlation coefficient among assets 
and VAR of every asset, the optimal mix of assets is 
extracted by using variance- mean model and Matlab 
software and assets portfolio risk is calculated by VAR 
method. The results indicated that there is the most 
portfolio risk of 55/13% with the probability of 99% 
for high risk people and the lowest portfolio risk of 
Zero%, with the probability of 90% for low risk peo-
ple. In one year period, there is also the most portfo-
lio risk of 17/51% with the probability of 99% for high 
risk people and the lowest portfolio risk of 88% with 
the probability of 90% for low risk people.
Keywords: risk, return, optimal portfolio, value 
at risk (VAR)
Introduction
Naturally, an individual maintains his assets in the 
form of a set of alternative asset.For example, in asset 
portfolio of a person can be pointed to a set which in-
cludes cash, bank deposits, durable goods, jewelry, cur-
rency, stock and ... each onehas its own special risk. In-
dividual in his decision on how to allocate his assets to 
each of the mentioned alternative, pays attention to the 
risk of each of them. Risk is as an important criterion for 
investment decisions and investors that invest regardless 
of the risk rate put himself in adverse conditions. Risk 
should be a little, because the existed risk in asset is one 
of the determinant factors of intended return’s rate of 
investors. What exist in financing new ideas in relation 
to the risk refers to unfavorable risks and their measure-
ment.Various measures have been introduced to identify 
the types of risks by experts. One of these measures is 
value at risk. In this method, the assets portfolio risk is 
estimatedfor a certain time horizon and a certain reli-
ability level. In this paper, by the help of “mean - vari-
ance” model attributed to Markowitz (mean as a crite-
rion of returns and the variance as a criterion of risk), 
optimal combination of assetswere extracted through 
MATLAB software for the time periodof 1991-2011in 
Iran. Then the risk of asset portfolio is determined by 
Value at Risk method. For this purpose, first, the theo-
retical basis of the research was discussed and followed 
by a few studies in this area. Then the utilized model is 
introduced and analyzed for conducting this study and 
the statistical analysis and its results are presented.
Review of Literature
The theoretical concepts of Value at Risk models 
(VaR)
Family Value at Risk belongs to the family of un-
desirable risk measurement criteria (Matrix Company 
of Systems Analysts). This index as a statistical crite-
rion calculates the maximum expected loss of an asset 
or portfolio at a specified time periodand with a certain 
probability and reports quantitatively. In other words, 
the value at risk specifies the amount of asset or port-
folio value that is expected to lose over a specified time 
period and with certain amount of probability (ibid.). 
Value at risk is a probable phrase that expresses the pos-
sible change in portfolio value due to the market factors 
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change within a certain period of time. This criterion 
does not explain about this that, the actual loss to what 
extent will be more than the probable amount. Risk cal-
culation in today’s investment portfolio includes a va-
riety of financial instruments such as stocks, bonds an-
dtypes of derivative instrumentsthat is measurable only 
through this indicator. Other methods cannot be used 
to calculate risk because of the special characteristics of 
derivative instruments, such as no linear relationship be-
tween the returns tools and the main committed assets. 
Maximum possible loss of a portfolio is measured due to 
the damage density function which is displayed with F. 
In fact, the Value at Risk is the quantile of function F at 
critical levels (α =10%, 5% and 1%) thus, based on the 
definition:
0
P(loss VaR) f (l)dl 1
var
α≤ = = −∫
 
                    (1)
 
If we have had the distribution of asset returns, 
based on the definition:
0
P(r VaR ) ( ) 1
var
r f r dr α≤ = = −∫                       (2)
( )1 1rVaR f α−= −                                             (3) 
In the above equation, f (r) is the probability 
distribution function of portfolio changes rate. ris 
equal to the rate of critical changes and in fact, is 
the quantile of reliability level (1-α).
If the distribution of the assets’ portfolio value 
to be specified, the Value at Risk is not difficult to 
calculate. Solely for convenience of calculation, the 
normal distribution is used to represent the distri-
bution of the future value of portfolio. The value 
at risk calculation in intended reliability level and 
assuming that, the distribution isnormal, was done 
through the following relationship:
Var = p
0
 – F-1
p
(α)= P
0
 - Pc                                                       (4)
var = P
0
 – (µ - Z ×δ)                                           (5)
In which:
Pc: the critical value of the portfolio
Z
 x
: the inverse amount of the standard normal 
cumulative distribution function at the reliability 
level of α-1.
µ: the mean of the portfolio value
δ: standard deviation of the portfolio value
Obviously, we will never have access to the actual 
parameters of the distribution of portfolio value, but 
estimations of them are available. These estimates are 
and S that are used instead of µ and δ respectively.
Reliability level and time horizon
The utilization of VaR requires optional choice 
of two parameters. These parameters include:
1. Reliability level 
2. Time horizon (Maintenance period) (Rai & 
Saidi)
Determining the level of reliability depends on 
the subject’s objectives. To determine the range of 
risk, the reliability levels are usually chosen in the 
range of 95% to 99%, because these reliability lev-
els create a few violations and enforce investors to 
consider the range seriously. When the VaR is used 
for reporting or comparison, probably the reliability 
level is determined in a way that to be comparable to 
other institutions. Also, in this case, the reliability 
level is selected in the range of 95% to 99%.
Routine maintenance periods, are usually a day, 
a week, ten days or a month. But institutions can also 
choose other maintenance periods. Depending on 
the investment or reporting horizon the maintenance 
periods of three months or more can also be used. 
The maintenance periods also depends on the liquid-
ity of the markets in which the institution operates.
The calculating method of Value at Risk
Considering the normal assumption for distri-
bution of assets returns is very common and rea-
sonable. Also, this distribution has been taken in to 
consideration from this aspect that is described only 
by two parameters. By assuming the normal distri-
bution of returns, the Value at Risk is calculated as 
follows (Matrix Company of Systems Analysts).
VaR
t
 = -P
t-1
 (µ
t
-δ
t
Zα)                                          (6)
VaR
t
: Value at risk for future periods
P
t-1
:Current share prices
µ
t :
the average of returns in period t
δ
t:
 the standard deviation of returns in period t
Zα : the amount of the standard normal variable 
at a reliable level of α-1
µ
t
- δ
t
Zα :percent of the value at risk (VaR%) with 
a negative sign indicates that,multiplying it in the 
negative current price produce the VaR
One of the best features of parametric approaches 
is to make possible the estimate of the Value at Risk at 
any reliability level and ateach intended maintenance 
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period. In normal distribution, the intended reliability 
level is reflected in Zα and maintenance period appears 
in µ
t
 and δ
t
. If µ
t
 and δ
t
 to be respectively the mean and 
standard deviation of returns over a specific time pe-
riod. (e.g., a day), the mean and standard deviation of 
returns relevant to the number of h period of this cer-
tain period are obtained from the following relation:
µ(h) = h(µ)                                                          (7)
( ) ( )2 2  h h h hδ δ δ δ= → =                              (8) 
By substituting these relations in the one peri-
odic VaR equation, the multi periodic VaR obtains 
over the h period of time and alpha error level with 
assuming the temporal autonomy of returns:
1 )(ht t tVaR p h h Zαµ δ−=− −                             (9)
Benefits of the Value at Risk
1. Value at Risk can be applied about the port-
folios consists of stocks, bonds, goods and derivative 
instruments.
2. One of the advantages of the value at risk 
compared with the traditional criteria of risk like 
beta and Diresh is that, reflects both components of 
the risk, while the beta coefficient and Diresh con-
sider only one component. VaR also consists of the 
unreliability related to the risk factor and thus re-
flects both risk components.
3. Value at Risk gives insights to investors about 
the nature and types of risk. Applying restrictions for 
assets allocation through VaR causes portfolio man-
agers lead investment risk to those parts that have 
higher potential for returns and diversify their ac-
tivities based on the risk reduction strategy.
4. The feature of Value at Risk is that looks for-
ward. Namely, estimates the total risk of the existed 
portfolio for future periods. Therefore, VaR as a 
looking forward risk measurement criterion can 
provide useful information about the expected port-
folio risk in the future.
5. Value at risk empowers us to assemble the 
secondary opportunities’ risk to the total risk of 
portfolio and by doing so takes into account the 
interactions and correlations among the different 
risk factors and this is another VaR attractiveness, 
because most risk measures do not provide the pos-
sibility of evident aggregation ofpartial risks.
6. Simple concept of value leads to itsincreas-
ingly attractiveness. Understanding the other risk 
measures such as standard deviation, beta coef-
ficients andetcaccording to their definitions is dif-
ficult for most investors. But the simple definition 
of risk includes more understandability for investors 
and market participants.
Review of previous studies
Hanifi (2001) in his doctoral thesis in addi-
tion to introducing the criterion of Value at Risk, 
has examined the risk taking rate ofthe accepted 
companies inIran Stock Exchange and come to 
this conclusion that, the risk of financial index is 
greater than the industry index.  He also compared 
the manufacturing companies’ risk taking with in-
vestment companies and concluded that, the risk 
of selected investment companies is more than the 
manufacturing companies.
Khalouzadeh and Amiri (2006), based on the 
Value at Risk theory, have determined the optimal 
stock portfolio in stock market of Iran. In their study, 
the optimal stock portfolio is obtained through the 
Genetic Algorithm which has the maximum profit 
and is considered as the criterion of VaR estimate.
Rahmati (2008) selects the portfolio in exchange 
market of Iran by approach based on the value at 
risk and by using genetic algorithm. This model that 
has been applied in a small and limited market, in-
dicates that, the criterion of value at risk in exchange 
market is effective than Markowitz criterion.
Khalili (2008) estimates the market risk of an 
investment portfolio based on the value at risk. The 
results show that 7% of the investment portfolio is in 
danger. Since this index determines the amount of 
capital at risk of company at certain reliability level, 
is better than other methods for decision makers of 
company to optimize the portfolio.
Eghbal Niya (2005) calculates the Value at Risk 
by using the cash return index but the optimal port-
folio has not been determined.
Lotfaliei (2005) calculates the stock portfolio 
risk of Mine and Industry Bank by using criterion of 
Value at Risk (Abbasi, E. 2008).
Perignon et al (2007) based on the data from the 
six largest Canadian commercial banks, determined 
the investment risk in them through Value at Risk 
criterion ( I think source is wrong please check it) 
Koierkand Mao in their studies showed thatthe 
investors in terms of behavior and individual calcu-
lations have focused more on the unfavorable risk 
than the risk that includes positive and negative 
fluctuations (Yamaiand Yoshiba, 2002).
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The statistical population, sample and 
methodology
The statistical population of this study consists of 
assets that are maintained in households’ asset portfo-
lio. Since access to the price of all assets that constitute 
households’ asset portfolio over a period of 20 years is 
impossible, therefore, the assets such as stocks, bonds, 
exchange, bank deposits, coins and housing that access 
to their price is possible were studied. The necessary in-
formation to conduct research is the price of mentioned 
assets during 21 years (1991-2011). This information 
can be extracted from the center Bank’s website. To 
conduct this research, the following steps are done.
1. Calculate the expected return and risk of as-
sets portfolio by Markowitz model
2. Calculate the risk of assets portfolio by value 
at risk model
3. Calculate the correlation coefficient between 
the assets portfolio returns
2. Solving the quadratic liner programming 
model with MATLAB software and determining the 
optimal weight of assets in the portfolio
3. Calculation of investment risk of assets port-
folio by Value at Risk Model
The model used in the study 
In this paper, the Markowitz model has been used 
to select the optimal assets portfolio and the value at 
risk model to estimate the assets risk. The Markow-
itz model is a quadratic programming model which is 
based on the mean and variance of assets returns and 
assumption of normal distribution of assets returns is 
its main assumptions. Suppose that, we have the port-
folio of n different assets whose returns have the mul-
tivariate normal distribution with mean µ and matrix 
of variance - covariance to be sigma. µ is a vector of n 
× 1 and sigma is an n × n matrix that the variances are 
located in the main diagonal and covariances in other 
places of matrix. The W row vector was considered 
as the weights of each asset in the portfolio consider. 
Dimension of this vector is 1 × n. Thus, the mean and 
variance of the portfoliowere obtained through the 
following relationship.
p wµ µ=                                                        (10)  
2  tp w wδ = ∑                                                (11)
The aim of the investment is to minimize the risk 
of portfolio at thecertain expected return. So we have:
Min:
 
2 pδ  
s.t:
1 . ( )  ( )p i iE R w E R=∑  
1
 2. 1
k
i
i
w
=
=∑
 3. 0iw ≥
In this equation:
Standard deviation of portfolio returns is calcu-
lated from the following equation:
( )2 2 2 ,
1 1 1
 . ( )
n n n
p i i i j i j
i i j
w R w w cov R Rδ δ
= = =
= +∑ ∑∑
2 2
,
1 1 1
  ( ) ( )
n n n
p i i i j i j
i i j
w R w w cov R Rδ δ
=
= = =
→ +∑ ∑∑ (12)
E (R
p 
): Expected returns of the portfolio
E (R
i 
): Expected returns of the ith assets
w
i
: The weight of each asset in the portfolio
cov (R
i
 R
j
): Covariance of returns on ith and jth 
assets 
In case of normal distribution of assets returns, 
value at risk is a linear function of the mean and 
standard deviation of returns (Matrix Company of 
Systems Analysts, 2009).
Standard deviation of one period 
 t t-1 t tV aR =- p ( - Z )αµ δ                                    (13)
In which  tµ  and  tδ  are respectively mean and 
standard deviation of the asset returns or portfolio 
and Zα is the amount of standard normal test statis-
ticat the significance level alpha. This approach is 
to calculate the value at risk of assets. Of course this 
does not mean that the calculation of value at risk for 
portfolio is different from individual assets, but their 
only difference is that, the parameters associated with 
assets portfolio to be replaced with individual assets. 
However, calculation of value at risk at the portfolio 
level is more complex than individual assets. In many 
cases, to calculate the value at risk of the portfolio put 
this assumption as a base of our work that,the returns 
on individual assets has multivariate normal distribu-
tion and this assumptionis equal to consideringnor-
mal distribution to portfolio returns.
If the current price of the portfolio to be shown 
with 1 tp −  , the value at risk during the h maintenance 
period and reliability level of 1-α is equal to:
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( ) ht t-1 p,t p,tVaR = -p h - h Zαµ δ                          (14)
Data analysis
To select the optimal portfolio, the annual 
returns of assets were calculated over the time 
period of 1991-2011 and entered into the MAT-
LAB software. Then, the variance-covariance 
matrix, correlation coefficients among the assets 
and the expected returns on assets were calculat-
ed. Following tables show the correlation coef-
ficients, variance-covariance matrixand returns 
on assets.
Table 1.Correlation coefficients among the asset returns
StockBank depositGold coinBondsHousingExchange
- 0.040.140.040.080.041Housing
0.700.200.480.2110.04Bonds
0.670.47- 0.2310.210.07Gold coin
0.250.251- 0.230.480.03Bank deposit
0.3810.250.470.200.14Stock
10.380.250.670.70- 0.04Exchange
Source: Calculations of the researcher
Figures contained in the table shows the relation-
ship among the assets return in the asset portfolio. 
The more negative correlation coefficient indicates 
the better alternative of assets in the asset portfolio. 
Variance-covariance matrix is extracted by using a se-
ries of annual returns of assets as follows.
-15.97129.840.88321.28414.51
V=
1813.590.806.672.391.28
228.76423.40-5.18422.566.6732
4.5811.981.18-5.180.800.88
276.731.9411.98423.4013.59129.84
73272.276.734.5828.7618-15.97
 
In which the main diagonal entries indicate 
the variance of returns of each assets and other 
entries represent the covariance among the as-
sets returns. Therefore, the problem of mini-
mum finding of the mean - variance model is as 
follows:
2
1 1 2 1 3 1 4
2
1 5 1 6 2 2 3
2
2 4 2 5 2 6 3
2
3 4 3 5 3 6 4
 Min 414 / 51 2(1/ 28)w w  2 32w w 2 (0 / 88)w w 2
(129 / 84)w w 2(15 / 97)w w 2 / 39 2(6 / 6)w w
2(0 / 8)w w 2(13 / 59)w w 2 18w w 422 / 56
 2(5 /18)w w 2(423 / 40)w w 2(228 / 76)w w (1/18)
2(11/ 98)w
w
w
w
w
+ + × + × +
× + + +
+ + + × +
− + + +
+ 2 24 5 4 6 5 5 6 6w 2(4 / 58)w w 1/ 94  2(276 / 73)w w (272 / 73)w w+ + + +
In the above equations  are respectively share of 
housing, bonds, gold coins, bank deposits, stocks, 
s.t:
1) 1 2 3 4 5 620 / 5 17 / 66 20 / 81 17 /13  29 / 5  12 / 46w w w w w w+ + + + + = ∞
2) 1 2 3 4 5 6   1w w w w w w+ + + + =
3) 0, 1,2, ,6i iw ≥ = …
and exchange in portfolio and α is the expected re-
turn of portfolio. 
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With solving the above problem based on the w, the 
optimal assets weights in the portfolio will be achieved.
To estimate the optimal assets portfolio for low-
risk, medium risk and high risk individuals, 60 opti-
mal portfolios were specified and the optimal weight 
of assets, the expected returns and risk of the opti-
mal portfolio were calculated through the informa-
tion entered.
Table 2.Share of assets in the optimal portfolio 
HousingBondsCoinsBank DepositsStocksExchange
Assets
Risk Taking
0.100.680.030.090.100low-risk
0.340.170.1200.370medium risk
0.220000.780high risk
Source: Calculations of researcher
The above table shows that, with regard to the 
risk and assets returns for low-risk individuals the 
share of bonds in their asset portfolios is the greatest 
and the share of exchange in their asset portfolio is 
the lowest. But the housing and stock constitute the 
combined asset of risky individuals that is the biggest 
share of stock. Figures of Table show that, enhance-
ment of individuals’ risk taking increase the housing 
and stock share in their combined assets and de-
crease the share of bank deposits and bonds. After 
determining the share of assets in optimal portfolio, 
the following tables show the Value at Risk at the 
reliability levels and different time horizons and also 
the necessary information to calculate it.
Estimating the Value at Risk of assets
Then, the optimal portfolio risk was calculated 
through the value at risk method, at reliability levels 
of 90%, 95% and 99% and in time periods of one 
year and 19 years.
The following Table shows the value at risk of assets 
at different levels of reliability and at one-year period.
Table 3. The value at risk percentage of assets at one year time horizon 
HousingBondsCoins
Bank  
Deposits
Stocks Exchange
Assets
Significance Level
4.904.94011.424.19∞ = 0.1
6.606.65015.095.57∞ =0.05
9.7809.86021.988.15∞ =0.01
Source: Calculations of the researcher
Accordingto the above table, at all levels of reliabil-
ity the highest risk associated with stocks and the low-
est related to bonds and bank deposits. In explanation 
of calculated numbers for assets risk and for example, 
for the stock can be said: respectively with probability 
of 90%, 95% and 99% during the next year, the loss 
caused by stock keeping won’t be more than 11.42, 
15.09 and 21.98 percent respectively. In one-year time 
horizon, the maximum loss of bank deposits and bonds 
will be zero percent at different levels of reliability.
Estimating the Value at Risk of the optimal portfolio
The value at risk of optimal portfolio were cal-
culated at reliability levels of 90%, 95% and 99% 
and at one- year and 19-year time horizon. Follow-
ing table show the Value at Risk of optimal portfolio.
Also, the value at riskin the1-year time horizon 
is based on the following table.
Based on the statistical analysis results and stud-
ies conducted can be stated:
1. With probability of 99 % and at 19-year time 
horizon, the maximum loss of portfolio for low risk, 
medium risk and high risk are respectively, 1.22, 
20.31 and 55.13 percent. 
2. The maximum loss of portfolio for low risk, 
medium risk and high risk are respectively, 0, 9.28 
and 30.91 percent, with probability of 99 % at 19-
year time horizon.
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3. In 19-year time horizon, the maximum loss of 
portfolio for low risk, medium risk and high risk are 
respectively 0, 2.94 and 18 percent, with the prob-
ability of 90 %.
4. With probability of 99 % and at 1-year time 
horizon, the maximum loss of portfolio for low risk, 
medium risk and high risk are respectively 2.24, 9.36 
and 17.51 percent.
5. In 1-year time horizon, the maximum loss 
of portfolio for low risk, medium risk and high risk 
are respectively 1.35, 6.27 and 11.96 percent, with 
probability of 95 %.
6. The maximum loss of portfolio for low risk, 
medium risk and high risk are respectively 0.88, 4.61 
and 8.99 percent, with probability of 90 % at 1-year 
time horizon.
7. In 19-year time horizon, the mentioned max-
imum loss of portfolio for low risk, medium risk and 
high risk with probabilities of 99%, 95% and 90% 
are respectively 25.55, 13.4 and 6.98 percent.
8. With probabilities of 99%, 95% and 90% and 
in 1-year time horizon, the mentioned maximum 
loss of portfolio for low risk, medium risk and high 
risk are respectively 9.7, 6.52 and 4.82 percent.
Conclusions and Recommendations
1. In a 19-year time horizon, the greatest risk 
of portfolio is 55.13% with 99% probability for high 
Table 4. Value at risk in 19-year time horizon
VaRZ 0.1VaRZ 0.05VaRZ 0.1
time 
horizon
SD of 
portfolio
The mean 
of returns
Risk taking
01.28201.6451.222.32619 years6.0119.21Low-risk
2.941.2829.281.64520.312.32619 years19.8523.38medium risk
181.28230.91.64555.132.32619 years35.5427.54High risk
6.981.28213.41.64525.52.32619 years20.4623.37Totalsubjects
Source: Calculations of the researcher
Table5.Value at Risk at the 1-year time horizon
VaRZ 0.1 VaRZ 0.05VaRZ 0.1
time 
horizon
SD of 
portfolio 
returns
The mean 
of portfolio 
returns
Risk taking
0.881.2821.351.6452.242.3261 year1.380.97Low-risk
4.611.2826.271.6459.362.3261 year4.551.23medium risk
8.991.28211.961.64517.512.3261 year8.151.45High risk
4.821.2826.521.6459.72.3261 year4.691.22Totalsubjects
Source: Calculations of the researcher
risk subjects and the lowest is 0 % with probability of 
90% for low risk subjects. 
2. In a 1-year time horizon, for high risk indi-
viduals, the greatest risk of portfolio is 17.51% with 
99% probability and for low risk individual the low-
est risk is 0.88% with probability of 90%.
3. Due to the efficiency of Value at Risk method 
in calculation of risk, it is suggested to researchers to 
calculate the risk of other portfolio types.
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